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ABSTRACT 

Aims/Introduction: Little is l<nown about tine long-term effects of Roux-en-Y gastric 
bypass (RYGB) in severely obese Asian individuals. 

Methods and Materials: A total of 33 severely obese patients with type 2 diabetes 
underwent RYGB. All patients were followed up for 2 years. Visceral and abdominal subcu- 
taneous fat areas were assessed using computed tomography (CT) before, and 1 2 and 
24 months after RYGB. The muscle attenuation (MA) of paraspinous muscles observed by 
Cr were used as indices of intramuscular fat. 

Results: The mean percentage weight loss was 22.2 ± 5.3% at 12 months, and 
21.3 + 5.1% at 24 months after surgery. Compared with the baseline values, the visceral 
fat area was 53.6 ± 17.1% lower 24 months after surgery, and the abdominal subcutane- 
ous fat area was 32.7 ± 16.1% lower 24 months after surgery. The MA increased from 
48.7 ± 10.0 at baseline to 52.2 ± 8.9 (P = 0.009) 12 months after surgery. The MA after 
the first 12 months maintained changes until 24 months. Triglycerides and free fatty acids 
were reduced after surgery, whereas the high-density lipoprotein cholesterol levels were 
increased significantly after surgery. At the last follow-up visit, 18 patients (55%) had 
diabetes remission. The percentage of iron and vitamin D deficiency was 30% and 52%, 
respectively. 

Conclusions: We found that patients subjected to RYGB had significant sustained 
reductions in visceral and intramuscular fat. There were durable improvements in the 
cardiometabolic abnormalities without any significant comorbidities. However, there were 
mild nutritional deficiencies in these patients despite daily supplementation with multivita- 
mins and minerals. 
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INTRODUCTION 

Bariatric surgery is an appropriate treatment for people with 
body mass index (BMI) >35 kg/m^ and type 2 diabetes, espe- 
cially if the diabetes or associated comorbidities are difficult to 
control with lifestyle modifications and pharmacological ther- 
apy''^. The recent International Diabetes Federation guidelines 
have decreased the cut-oif for BMI as an indication for bariatric 
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surgery by 2.5 kg/m^ for Asian subjects^. Caution is required in 
extrapolating the benefits of surgery to diabetic patients who 
have lower BMI. Before bariatric surgery is introduced clinically 
to large populations, we require more studies with longer fol- 
low-up to validate its risk-to-benefit ratio, and confirm that the 
effects are sustainable and not fleeting. The durability of any 
improvement of type 2 diabetes after bariatric surgery has not 
been well characterized, especially among Asian populations. 
Regarding safety, patients undergoing Roux-en-Y gastric bypass 
(RYGB) are at risk of developing nutritional deficiencies in the 
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long term because of a reduction in the absorptive capacity of 
the small boweP. However, there are no previous reports that 
assessed the incidence of nutritional deficiencies after RYGB in 
Asian individuals. 

Bariatric surgery, especially RYGB, causes significant rapid 
weight loss, including loss of a substantial amount of fat*. The 
quality and site of fat loss are as important as the amount of 
fat gained or lost^. Our previous study showed a greater reduc- 
tion in visceral fat than in subcutaneous fat at 1 year after 
RYGB''. Visceral adiposity is linked to the presence of insulin 
resistance, and is significantiy related to the severity of coronary 
artery disease^. Intramuscular fat is of particular interest 
because of the important role of muscle, particularly skeletal 
muscle, in insulin-mediated glucose uptake^. As a long-term 
outcome, reduction in visceral and intramuscular fat after 
surgery might be associated with the decrease in cardiovascular 
mortality in patients undergoing bariatric surgery. However, the 
long-term effects of bariatric surgery on visceral and intramus- 
cular fat have been barely investigated, and are controversial. 

The aim of the present was to investigate the long-term 
impact of RYGB on abdominal and intramuscular fat after sur- 
gery, and to analyze the changes in metabolic parameters after 
RYGB. Second, we aimed to evaluate the incidence of long- 
term complications, especially micronutrient deficiencies, in 
patients undergoing RYGB. 

METHODS 

Study Participants 

We carried out a prospective cohort study in severely obese Kor- 
ean patients with type 2 diabetes who received laparoscopic 
RYGB at the Yeouido St. Mary's Hospital fi-om July 2009 to 
December 2009. The inclusion criteria for patients in the present 
study were: age 19-64 years, BMI >30 kg/m^ (the recommended 
cut-off for bariatric surgery in Asian patients) and the presence 
of type 2 diabetes that was controlled inadequately by conven- 
tional treatments^. The exclusion criteria included a history of 
type 1 or secondary diabetes, a positive antiglutamic acid decar- 
boxylase (GAD) antibody titer, a lack of normal pancreatic 
P-ceU fiinction (fasting C-peptide concentration <1 ng/mL or 
glucagon-stimulated C-peptide concentration <1.5 ng/mL) and 
the presence of severe complications of diabetes (proliferative 
retinopathy, serum creatinine >2 mg/dL, vascular complications 
or severe neuropathy). Bypass surgery was carried out by just 
two surgeons, using the same laparoscopic technique in all 
patients. The operative technique produced a 15 to 20-cm^ 
gastric pouch, a 30 to 50-cm long bUiopancreatic hmb and a 
100-cm long Roux Umb. Patients were seen at the diabetes/ 
obesity clinic before, and at 6, 12 and 24 months after surgery. 
A total of 33 patients were enrolled. Our institutional ethics 
committee approved the study, and all patients provided written 
informed consent. 

After surgery, all patients received a daily multivitamin and 
mineral supplement. Daily supplementation with 500 mg of 
calcium and 1,000 lU of vitamin D was prescribed. No 



additional fat- soluble vitamin supplementation was given other 
than that included in the multivitamin supplement prescribed 
to aU patients. Vitamin supplements are uniformly prescribed 
at a dose of one tablet a day of Centrum® (Wyeth Consumer 
Healthcare Inc., Ontario, Canada). Each tablet contains 
4000 lU of vitamin A, 200 lU of vitamin D, 300 )ig of folic 
acid, 3 |.ig cobalamin and 3.5 mg of iron among others. An 
oral iron supplement was prescribed for all premenopausal 
women at a dose of 80 mg/day. We recommended that, to 
avoid protein malnutrition, protein intake should be at least 
60 g daily. The recommendation for energy intake was deter- 
mined on an individual basis. Nutritional parameters including 
the circulating levels of hemoglobin (Hb), iron, ferritin, vitamin 
Bi2, folic acid, homocysteine, vitamin A and vitamin D were 
measured at 24 months after surgery. Anemia was defined as 
Hb <13 g/dL in men and <12 g/dL in women. Iron deficiency 
was defined as a serum ferritin level <15 ng/mL. Folate defi- 
ciency was defined as serum folate levels <2 ng/mL, and vita- 
min Bi2 deficiency was assumed at <200 pg/mL^. Vitamin D 
deficiency was defined as <20 ng/mL, and <10 ng/mL was con- 
sidered to indicate severe vitamin D deficiency^". Secondary 
hyperparathyroidism was defined as a parathyroid hormone 
(PTH) level >90 pg/mL. 

Anthropometrics 

Bodyweight and height were measured with the participant 
barefoot and wearing light clothing, and these measures were 
used to calculate the BMI in kg/m^. The percentage weight loss 
was used to examine the influence of weight loss as actual 
weight loss and percentage of excess weight loss are distorted 
by a large BMI range. 

A computed tomography (CT) scan at L4— 5 level was carried 
out to measure the cross-sectional areas of total abdominal fat, 
visceral abdominal fat and subcutaneous abdominal fat as 
described^\ First, the total area of abdominal adipose tissue 
was measured at -190 to -30 Hounsfield units. The visceral fat 
area (VFA) was distinguished from the subcutaneous fat area 
(SFA) by manually tracing the abdominal muscular wall sepa- 
rating the two adipose tissue compartments. The VFA was 
measured, and the SFA was then calculated by subtracting the 
VFA area from the total abdominal fat area. The abdominal fat 
CT scan was evaluated before, and 12 and 24 months after ba- 
riatric surgery. 

The muscle attenuation (MA) of paraspinous muscles 
observed by CT were used as indices of intramuscular fat^. 
The MA of paraspinous muscles observed by CT at the 
mid-abdomen level were used as indices of intramuscular fat. 
A ~l-cm region of interest was placed on both the left and 
right paraspinous muscles at mid-abdomen level. The MA of 
these two areas were averaged in order to calculate mean MA; 
the correlation between the two reads was 0.8. We focused on 
paraspinous muscle because of their slow-twitch characteristics, 
which tend to have more intramuscular fat than fast-twitch 
muscles^. 
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Definition of the Remission of Diabetes 

Remission was defined as a glycated hemoglobin (Ale) level 
<6.5%, and a fasting glucose concentration of <126 mg/dL for 
1 year or more without active pharmacological therapy'^. 

Laboratory Analyses 

Fasting glucose (8 h minimum fast) and Ale levels were mea- 
sured in all patients before, and at 6, 12 and 24 months after 
surgery. Glucose concentration was measured using the glucose 
oxidase method. The Ale level was measured using an auto- 
mated high-performance liquid chromatography (HPLC) ana- 
lyzer (HLC-723 G7; Tosoh Corporation, Tokyo, Japan). Serum 
25-hydroxy-vitamin D (25(OH)D) concentration was measured 
using a radioimmunoassay (RIA; 250H-VIT.D3-RIA-CT; 
BioSource Europe S.A., Nivelles, Belgium). Folate and vitamin 
Bi2 concentrations were measured with commercial, competi- 
tive cherrdluminescence immunoassays on an ADVIA Centaur 
automated analyzer (Siemens Healthcare Diagnostics Inc., 
Tarrytown, NY, USA). Serum free fatty acids (FFAs) were mea- 
sured by an enzymatic method (Daiichi Pharmaceutical Co., 
Tokyo, Japan). Plasminogen activator inhibitor- 1 (PAI-1) levels 
were measured using an enzyme-linked immunoassay (Diag- 
nostica Stago, Asnieres, France). 

Statistical Analyses 

AH data were analyzed using the spss statistical package (SPSS 
Inc., Chicago, IL, USA). Data are presented as the mean ± stan- 
dard deviation unless stated otherwise. If necessary, logarithmic 
transformation was carried out to achieve a normal distribution. 
Longitudinal changes after surgery were tested with the use 
of repeated-measures analysis of variance, and Bonferroni's 
correction was used to adjust for multiple comparisons. Student's 
t-test and the x^^test were used to compare values between the 
remission and non-remission groups. P < 0.05 was accepted as 
significant. 

RESULTS 

Clinical Characteristics of the Study Participants 

The data from 33 patients in total were analyzed. AU patients 
were treated with oral hypoglycemic agents or insulin preopera- 
tively. The mean age was 45.8 ± 9.9 years, and the mean BMI 
was 32.9 ± 4.3 kg/m^. The mean duration of diabetes was 
6.3 ± 4.6 years, and the mean Ale level was 8.5 ± 1.6%. The 
mean percentage weight loss at the end of 12 months was 
22.2 ± 5.3%. The mean percentage weight loss at 24 months 
after surgery was 21.3 ± 5.1%. 

Changes in Abdominal Fat Depots Before and at 12 and 
24 Months After RYGB 

A total of 12 months after the operation, the mean VFA had 
decreased by 58.7 ± 16.3% from the baseline value, and 
the mean SFA had decreased by 39.5 ± 19.7%. Compared with 
the baseline values, the mean VFA was 53.6 ± 17.1% lower, 
and the mean SFA was 32.7 ± 16.1% lower 24 months after 
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Figure 1 | The visceral-to-subcutaneous fat ratio before, and 6, 12 and 
24 months after Roux-en-Y gastric bypass in severely obese Korean 
patients with type 2 diabetes. Boxes, values from lower to upper 
quartiles; central lines, medians; whiskers extend from minimal to 
maximal values. 



surgery. The visceral-to-subcutaneous fat area ratio decreased 
from 0.59 + 0.28 at baseline to 0.49 ± 0.25 6 months after sur- 
gery, and then decreased further to 0.36 ±0.11 12 months after 
surgery {P < 0.001; Figure 1). However, the visceral-to-subcuta- 
neous fat area ratio after the first 12 months was maintained 
without any significant changes until 24 months (0.36 ±0.11 
vs 0.39 ± 0.16; P = 0.375; Figure 1). 

Changes in Intramuscular Fat After RYGB 

The MA increased from 48.7 ± 10.0 at baseline to 52.2 ± 8.9 
(P = 0.027) 12 months after surgery. The MA after the first 
12 months was maintained without any significant changes 
until 24 months (52.2 ± 8.9 vs 53.3 ± 5.5; P = 1.00; Figure 2). 

Changes in Cardiovascular Risk Profiles After RYGB 

There were remarkable improvements in lipid profiles. The mean 
levels of high-density lipoprotein (HDL) cholesterol after surgery 
were significantly higher than the corresponding levels at baseline 
(42.8 ± 8.4 vs 50.6 ± 9.9 mg/dL; P < 0.001). Mean triglyceride 
levels were reduced after surgery (188.4 ± 127.1 vs 104.1 ± 
50.8 mg/dL; P < 0.001), whereas the total cholesterol levels 
were not significantly changed. A total of 17 (52%) patients 
were taking statins in the preoperative period for dyslipidemia, 
but just four of them were on lipid-modifyrng medications 
at the last follow up. The mean serum FFA level decreased 
markedly irom 804 to 452 |imol/L at 12 months, and then to 
550 |imol/L at 24 months (Table 1). A total of 10 participants 
underwent repeated evaluation of PAI-1 (preoperative, 12 months 
and 24 months after surgery). PAI-1 decreased levels markedly at 
12 months, and then slightly increased to levels lower than the 
baseline at 24 months. Antihypertensive medications were taken 
by 20 (61%) of these patients preoperatively. Nine (45%) of these 
patients were normotensive at 2 years after surgery without any 
medication. 
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Figure 2 | The muscle attenuation (Hounsfield Units; HU) changes after 
Roux-en-Y gastric bypass. Boxes, values from lower to upper quartiles; 
central lines, medians; whiskers extend from minimal to maximal 
values. 



Durable Remission of Type 2 Diabetes 

Of the 33 patients, 21 (64%) had diabetes remission at 1 year 
after surgery. Type 2 diabetes recurred in three patients after an 
initial period of remission. At the last follow-up visit, 18 (55%) 
had undergone remission. A total of 6 months after surgery, 
patients with remission had significantly lower levels of fasting 
glucose (101.0 + 13.3 vs 137.0 ± 32.0 mg/dL; P < 0.001) and 
Ale (5.79 + 0.44 vs 7.18 ± 0.94%; P < 0.001) compared with 
those with no remission. These differences in Ale levels persisted 
during the follow-up period (5.85 + 0.53 vs 7.42 ± 0.88%; 
P < 0.001). Of the 15 patients in the non-remission group, all of 
them continued to require oral hypoglycemic agents postopera- 
tively. The requirement for antidiabetic medications decreased 
after RYGB in all patients, and no patients needed to take insulin 
injections postoperatively. 



At baseline, compared with patients in the non-remission 
group, patients in the remission group had a shorter duration 
of diabetes (5.0 ± 4.4 vs 9.4 ± 3.3 years, P = 0.008; Table 2) 
and a higher stimulated C-peptide level (9.4 ± 5.5 vs 
6.4 ± 2.9 ng/mL, P = 0.048), and were less likely to use insulin 
preoperatively (33 vs 73%, P = 0.025). The visceral-to-subcuta- 
neous fat area ratio at baseline was significantly lower in the 
remission group than that in the non-remission group 
(0.47 ± 0.20 vs 0.71 ± 0.30, P = 0.027). The MA tended to be 
higher in the remission group than in the non-remission group 
(51.3 ± 8.9 vs 45.0 ± 10.0 HU, P = 0.159). 

Late Postoperative Complications 

Hemoglobin dropped from 14.1 ±1.4 g/dL at preoperative to 
12.2 ± 1.8 g/dL at 2 years' follow up (Table 3). Iron deficiency 
was present in 30%, and anemia was present in 21% of the 
patients. AH anemic patients were premenopausal women and 
had iron deficiency. The mean vitamin B12 levels decreased 
from 707.1 ± 186.2 pg/mL at baseline to 336.2 ± 110.4 pg/mL 
24 months after surgery (Table 3). Vitamin B12 deficiency 
occurred in 13% of the patients (<200 pg/mL and/or elevated 
homocysteine >15 (imol/L). Mean 25(OH)D levels increased 
from 14.8 + 7.1 ng/mL at baseline to 20.0 + 8.8 ng/mL 
{P = 0.001) 24 months after surgery. However, 52% of the 
patients had vitamin D deficiency (<20 ng/mL). Four patients 
had a severe vitamin D deficiency with a level of <10 ng/mL, 
and two of these had secondary hyperparathyroidism. However, 
levels of calcium and phosphorus remained within the normal 
range throughout the study in aU patients. No spontaneous 
bone fractures occurred, nor were there any signs or symptoms 
of metabolic bone disease based on clinical observations and 
the parameters studied. Hypoalbuminemia did not occur during 
the postoperative follow up. There were no patients developing 



Table 1 I Patient characteristics before, and 1 2 and 24 months after Roux-en-Y gastric bypass 





Baseline 


12 months 


24 months 


P-value 


n 


33 










Age (years) 


45.8 + 9.9 










Male/female 


10/23 










BMI (kg/m^) 


32.9 + 4.3 


25.5 ± 


4.0 


26.5 + 4.3 


<0.001 


Bodyweight (kg) 


88.3 + 164 


68.6 + 


13.9 


69.6 + 14.6 


<0.001 


Percentage weight loss (%) 




222 + 


5.3 


21.3 + 5.1 


0.088 


Total cholesterol (mg/dL) 


166.9 + 28.5 


167.4 + 


26.0 


168.6 + 23.3 


0.907 


Triglyceride (mg/dL) 


188.4+ 127.1 


98.7 + 


36.8 


104.1 + 50.8 


<0.001 


HDL cholesterol (mg/dL) 


42.8 + 8.4 


51.8 + 


10.1 


50.6 + 9.9 


<0.001 


FFA (|imol/L) 


804.4 + 328.1 


4525 + 


116.6 


550.6 + 220.6 


<0.001 


PAI-I (f) = 10) 


46.3 + 21.5 


19.8 + 


135 


27.3 + 13.0 


0.005 


Fasting glucose (mg/dL) 


1852 ± 455 


117.0 + 


48.2 


1202 + 27.5 


<0.001 


Ale (%) 


8.4 ± 1 .6 


6.3 + 


0.9 


6.5 + 1.0 


<0.001 


Visceral fat area (cm^) 


161.4 + 49.0 


70.3 + 


40,1 


83.2 + 49.6 


<0.001 


Subcutaneous fat area (cm^) 


312.5 +110.8 


206.6 + 


119.3 


228.1 + 121.6 


<0.001 


Visceral-to-subcutaneous fat area ratio 


0.59 + 0.28 


0.36 + 


0.11 


0.39 + 0.16 


<0.001 



Ale, glycated hemoglobin; BMI, body mass index; FFA, free fatty acids; HDL, high-density lipoprotein; PAI-I, plasminogen activator inhibitor-1. 
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Table 2 | Comparison of clinical characteristics of severely obese 
Korean patients with type 2 diabetes at baseline between remission 
and non-remission groups 





Remission of 


Non-remission 


P-value 




diabetes 


of diabetes 




n 


18 


15 




Age (years) 


43.9 + 12.2 


49.9 + 7.3 


0.129 


Male/female 


5/13 


5/10 


0.567 


BMI (kg/m^) 


32.8 + 3.5 


32.5 + 4.9 


0.837 


Duration of 


5.0 + 44 


94 + 3.3 


0.008 


diabetes (years) 








Treatment (n) 








OHA (oral 


12 


4 


0.025 


hypoglycemic 








agents) 








Insulin 


6 


11 




Fasting C-peptide 


3.7 + 2.0 


2.7 + 1.0 


0.094 


(ng/mL) 








Stimulated 


94 + 5.5 


64 + 2.9 


0.048 


C-peptide (ng/mL) 








Ale (%) 


8.2 + 1.6 


8.8 + 1.5 


0.311 


Visceral fat 


149.3 + 45.8 


187.2 + 64.9 


0.094 


area (cm^) 








Subcutaneous 


345.5 + 110.5 


292.9 +114.9 


0.247 


fat area (cm^) 








Visceral-to- 


n A7 -1- n ic\ 

VjPrf ±. u.zu 


0.71 ± 0.30 


0.027 


subcutaneous 








fat area ratio 








Muscle attenuation 


51.3 + 8.9 


45.0 + 10.0 


0.159 


(HU) 








Percentage weight 


22.8 + 5.5 


19.0 ± 5.8 


0.148 


loss at 2 years (%) 








Ale, glycated hemoglot 


Din; BIVll, body mass 


index; OHA, oral hypoglyce- 


mir snpnt'^ 
1 1 ay CI 1 lj. 








Table 3 Changes in n 


utritional parameters after Roux-en-Y gastric 


bypass 










Baseline 


24 months 


P-value 


Hemoglobin (g/dL) 


141 + 14 


12.2 + 1.8 


<0.001 


Iron ([ig/dL) 


66.8 + 20.7 


62.8 + 30.9 


0.678 


Ferritin (ng/mL) 




29.3 + 30.0 




Vitamin B12 (pg/mL)* 


707.1 + 186.2 


336.2 +1104 


<0.001 


Folate (ng/mL)* 




18.7 + 5.5 




Albumin (g/dL) 


43 + 0.3 


44 + 0.3 


0.250 


Calcium (mg/dL) 


9.2 + 0.5 


9.1 + 0.5 


0.532 


25(OH)D (ng/mL) 


14.8 + 7.1 


20.0 + 8.8 


0.001 


Vitamin A (mg/L)* 




041 + 0.13 





*Vitamin B12, folate and vitamin A levels were available for 24 patients. 



folate deficienqf at 2 years of follow up. Vitamin A deficienqf 
was present in 8% of the patients. Two patients experienced 
small bowel obstruction during the follow-up period, and they 
successfully underwent laparotomy for reduction of the obstruc- 
tion. There was no mortality in the study group. 



DISCUSSION 

We found in the present 2 -year prospective study that these 
severely obese patients with type 2 diabetes had a significant 
sustained reduction in visceral and intramuscular fat after 
RYGB. There was a preferential loss of visceral fat, and a signif- 
icant decrease in basal circulating FFA levels after surgery. 
There were durable improvements in the cardiometabolic 
abnormalities without significant comorbidities. 

The effects on fat mass, intra-abdominal adipose tissue volume 
and intrahepatic triglyceride contents were not different between 
patients undergoing RYGB, and those undergoing laparoscopic 
adjustable gastric banding surgery when surgery-induced loss of 
a targeted 20% of bodyweight was matched'^. Weight loss itself 
regardless of surgery type, caused marked changes in body com- 
position. However, there was a greater weight loss after RYGB 
than after gastric banding, attributable to a larger reduction in 
total body fat, where reduction of truncal fat contributed the 
most^*. The massive weight loss after RYGB comprised a 50% 
reduction in whole-body fat mass including a 60% decrease in 
visceral adipose tissue as assessed at 12 months. During the same 
time, lean body mass was reduced by 15-20%^'. We also 
observed preferential loss of visceral fat (54%) from baseline to 
24 months, with an overall weight loss of nearly 21%. A reduc- 
tion in dietary fat after RYGB was the single most pronounced 
factor contributing to this^"*. A low proportion of dietary fat is 
associated with lowered formation of body fat, and thereby leads 
to a lower bodyweight. 

Elevated circulating free fatty acid (FFA) concentrations 
caused by increased adipose tissue lipolysis are thought to 
mediate insulin resistance in both obesity and type 2 diabetes^^. 
Enlarged visceral adipocytes seen in individuals with visceral 
obesity are inherendy resistant to insulin. Weight loss through 
diet and exercise improves insulin regulation of lipolysis, which 
reduces adipocyte size, whereas surgical removal of abdominal 
subcutaneous fat by liposuction - with no decrease in fat cell 
size - does not^*. Gastric bypass surgery is associated with 
near-normal insulin suppression of lipolysis in non-diabetic 
individuals^^. In the present study, we found a preferential loss 
of visceral fat, and a significant decrease in the mean levels of 
basal circulating FFAs 24 months after RYGB. Improvements 
in adipose tissue insulin sensitivity after surgery might arise 
from a preferential reduction in visceral fat and decreased FFA 
availability'^. 

A reduced MA was interpreted to reflect an increased lipid 
component within muscle'^. The findings of a reduced MA are 
consistent with an increased muscle lipid content determined 
histochemicaUy. Increasing a solution's lipid content by 1% 
results in a predictable 1-HU decrease in attenuation'^. We 
found that patients subjected to RYGB had a significant 
increase in the mean MA. Skeletal MA, as a marker of an 
increased muscle fat, is sfrongly associated with insulin resis- 
tance independent of visceral adipose''. Reduction in visceral 
and intramuscular fat after surgery might contribute to the 
improvements in metabolic abnormalities. 
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DiGiorgi et al. reported a remission rate of 64% in a cohort 
of 42 participants who had undergone RYGB at least 3 years 
before evaluation. They reported a recurrence of type 2 diabetes 
in 26%, with a mean follow-up period of 5 years. Chikunguwo 
et al}^ reported a 43.4% recurrence rate in a series of 177 par- 
ticipants who underwent RYGB with a follow up of 5-16 years. 
Consideration should be given to the possibility of a worsening 
in diabetes remission rates over time. According to the 5-year 
results among Indian patients with type 2 diabetes and a low 
BMI (30-35 kg/m^^, 84.6% of the patients had achieved 
euglycemia (defined as Ale <7.0%) without medication at the 
end of 1 year. No hyperglycemia recurred in any of the patients 
showing remission, despite regaining weight. In our cohort, 
55% of the participants undergoing RYGB surgery presented 
with remission of their type 2 diabetes at 2 years after surgery. 
Type 2 diabetes also recurred in three patients after an initial 
period of remission. This finding is low compared with previ- 
ous reports on the occurrence of type 2 diabetes remission after 
RYGB surgery at more than 2 years of foUow up. By compari- 
son, the present study participants had a lower preoperative 
BMI (mean 32.9 kg/m^), a more severe form of type 2 diabetes 
(preoperative Ale 8.4%, and all patients required oral hypogly- 
cemic agents and/or insulin, preoperatively), and relatively 
long-standing type 2 diabetes (mean duration 6.3 years). In the 
present study, patients with less visceral adiposity and intra- 
muscular fat (less ectopic fat accumulation) at baseline were 
more likely to achieve remission after RYGB. These results are 
consistent with the conclusions of a previous study that the 
severity of diabetes is an important predictor of remission''. 

There is a high prevalence of vitamin D deficiency in mor- 
bidly obese women seeking fat-reducing surgery. In the present 
study, preoperative vitamin D levels were significantly lower 
than the postoperative levels. Many obese patients have subop- 
timal levels of vitamin D, and it is important to normalize 
these levels preoperatively when the procedure contemplated is 
likely to result in vitamin D malabsorption^^. Overall, after a 
malabsorptive bariatric procedure, 17-52% of patients develop 
a vitamin D deficiency by 2 years, and 50-63% by 4 years. In 
the present study, half of the patients had a moderate defi- 
ciency in vitamin D after surgery, and four of them had a 
severe deficiency; two of these had secondary hyperparathyroid- 
ism. Vitamin D deficiency, a major clinical concern after bariat- 
ric surgery, must be treated aggressively with sufficient 
supplementation to prevent the development of metabolic bone 
disease^. 

Common micronutrient deficiencies after bariatric surgery 
include deficiencies of iron and vitamin B12, which are known 
causes of anemia^*. Iron deficiency in patients with RYGB is 
related to a reduced intake of organic (heme) iron, and the 
bypass of the acid environment of the stomach and absorptive 
surface of the duodenum, and proximal jejunum. The iron defi- 
ciency is more evident if there is chronic blood loss or among 
women of reproductive age^"*. In the present study, anemia was 
caused by iron deficiency, not vitamin B12 deficiency. Vitamin 
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B12 deficiencies can occur after bariatric surgery procedures that 
bypass the lower stomach"*. Given that hepatic and kidney vita- 
min B12 stores last up to 3 years in humans, vitamin B12 defi- 
ciency might only become clinically relevant several years after 
surgery. The reported prevalence of deficiency is 3.6% 
12 months after RYGB, but rises to 61.8% at >5 years^. The 
clinical manifestations include depression, pernicious anemia 
and the development of a potentially irreversible peripheral 
neuropathy, as well as neuropsychiatric symptoms or ataxia^. 
In the present study, vitamin B12 deficiency was recognized in 
13% of patients at the 2-year foUow up. Furthermore, the vita- 
min B12 levels at 2 years after surgery were significantly lower 
than the preoperative levels. There was mild vitamin B12 defi- 
ciency, but no patients developed anemia from this. For long- 
term follow up after RYGB, it is necessary to pay attention to 
the potential problems of vitamin B12 deficiency. Some authors 
have found that the amount of intrinsic factor is sufficient for 
the absorption of crystalline vitamin B12 oral supplements^^. 
Nevertheless, multivitamin supplements with low amounts of 
vitamin B12 are insufficient to prevent deficiency. Although 
micronutrient deficiencies were encountered, most were mild 
and there was no clinical symptomatology or need for hospital- 
ization. 

The present study was limited by the relatively insufficient 
follow-up period (2 years) to confirm the long-term effects of 
bariatric surgery. Another weakness of the present study was 
the relatively small sample size. 

The strength of the present study was that favorable results, 
including decreases in visceral and intramuscular fat, were sus- 
tained for a 2-year period in these Asian patients with a mean 
initial BMI of 32.9 kg/m^. There were durable improvements in 
the cardiometabolic abnormalities (blood glucose, lipid profiles 
including FFAs and blood pressure) without significant comor- 
bidities. Amelioration of cardiometabolic abnormalities is 
imperative for reducing the potential micro- and macrovascular 
complications, and cardio-vascular risks. Therefore, further 
studies are necessary to establish the role of bariatric surgery in 
protecting against death from cardiovascular causes. 
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